The problem of how T and B lymphocytes interact in antibody formation is one fundamental to the full understanding of many immune deficiency diseases. One can hope that as the mechanisms for cooperation become resolved then so, too, will a new range of diagnostic approaches develop to pinpoint particular defects.
T cells responding to one antigen, or in a mixed lymphocyte culture (Schimpl & Wecker 1972) to an allogeneic stimulator or stimulated by mitogens such as pokeweed mitogen (PWM) or concanavalin A (Waldmann, Poulton & Desaymard 1976) can release factor(s) (T cell replacing factor: TRF, or nonspecific factor: NSF) which can help B cells respond to other non-cross-reacting antigens, usually multivalent, particulate antigens such as heterologous erythrocytes. Such a factor(s), however, does not seem sufficient to wholly replace T cells for B cell responses to small soluble protein antigens. This form of cooperation is referred to as 'nonspecific help'.
Two subpopulations ofhelper T cells
Clearly it is important to know whether these two types of helper effect are mediated by a single type of helper T cell and somehow represent merely assay artefacts, or whether there are two different subpopulations of helper cells each responsible for one particular type ofcooperation.
At the present time there is accumulating evidence that there may indeed be 2 subpopulations of helper T cell: in limiting dilution studies where single helper cells have been examined, it seems that any given helper T cell can help in either the linked or the non-linked system but rarely in both (Marrack & Kappler 1975 , Waldmann, Lefkovits & Feinstein 1976 . Secondly, it has recently become possible to generate populations of helper T cells which can cooperate well nonspecifically, but poorly in linked recognition systems. This has been achieved by priming with very low doses of antigen (Marrack & Kappler 1976 , Waldmann 1977 . The reverse situation (i.e. priming to generate strong specific, but poor nonspecific help) has not yet been achieved. Furthermore, it has been impossible to separate the hypothetical subpopulations by any other criteria (e.g. anti-Ly sera or physical separation). Interpretations of these findings are that either (a) the nonspecific helper cell is an intermediate cell on the pathway to the specific helper cell and only high concentrations of antigen can propel this ' Paper read to Section of Clinical Immunology & Allergy, 13 June 1977. Accepted 30 December 1977 pathway to termination; or (b) both cell types represent totally different subpopulations.
The relevance of this observation to immunodeficiency is clear. The use of a mitogen such as PWM to establish helper T cell function may only examine one aspect of the available helper potential and would thus neglect perhaps the more important assessment of specific helper cell function.
Mechanisms of cooperation
Recent advances in in vitro methodologies have provided systems where dissection of the cooperative interactions can be attempted. One approach has been to screen supernatants of T cell cultures for factors which might replace the helper T cells. For both categories of helper cell success in demonstrating helper factors has been claimed. Indeed their demonstration has led to models of cooperation based on widely-diffusible mediators. What needs to be stressed is that experiments designed to demonstrate factors are very artificial; they depend upon separating T and B cells either by membranes or by temporal manipulations. So, although factors are isolated in this way one cannot be sure, had T and B cells been grown together in the presence of antigen, that the cooperative pathway would have been the same. Indeed it seems that, in the (linked recognition) interaction of memory T and memory B cells, cooperation must be a very local event, probably one involving contact of the relevant T and B cells. This statement is based on experiments where single specific helper T cells are confronted with an excess of hapten-specific B cells and the relevant hapten carrier conjugate. Under these conditions only one of the available B cells is activated to antibody production as detected by isoelectric focusing (Phillips & Waldmann 1977) or by measuring responses to two different haptens on the same protein carrier (Waldmann, Kenny et al. 1979) . Activation of more than one B cell would be predicted were cooperation mediated by widely diffusible factors. It is therefore the authors' conviction that primed specific helper T and B cells cooperate through cell-cell contact and that factors act only from the membranes of the cells which synthesize them. Alternatively, it should be pointed out that most factor experiments have utilized unprimed B cells as their targets, and perhaps unprimed B cells do use diffusible T factors to become activated. There are obviously many unanswered questions in this area and these will be hard to resolve experimentally.
In the case of the nonspecific helper T cell, similar types of experiment have shown that one T cell can indeed cooperate with more than one B cell (Waldmann et al. 1975 , Marrack & Kappler 1975 . These data are compatible with the concept that nonspecific factor (NSF) or T cell replacing factor (TRF) mediates nonspecific help. Current status of helper and suppressor factors Where factors have been isolated they offer useful probes for studying finer details of B cell regulation, and for characterizing the T cell receptors.
Specific helper factors
Specific helper factors have been investigated thoroughly by two groups (Feldmann & Basten 1972 , Taussig 1974 ). In general, there is now very little evidence to show the presence of any immunoglobulin constant region determinants on these molecules. Indeed, published data indicate that such molecules are, rather, removed by anti-H2 or anti-Ia sera. Thus it is claimed that cooperative factors found in T cell supernatants are antigen-specific molecules coded by gene products in the MHC. However, there is now very compelling evidence that T cell receptors use the same v-region sets as B cells (i.e. allotype linked genes). We must therefore expect to see an experimental demonstration of such v-region Ig-linked markers on the T cell helper factors (Binz et al. 1975 , Eichmann & Rajewsky 1975 . The resolution of this dilemma may be difficult, unless T cell receptors carry both I region and Ig-linked markers.
It has recently been suggested (Munro & Taussig 1975 ) that these helper factors may bind to acceptor molecules on the surface of B cells and macrophages in a functionally relevant way and that in some way the acceptor serves to receive the T cell signal. One of the most exciting aspects of this area of research has been the report that acceptor molecules may be conserved in evolution so that human cells can bind and produce antibody after incubation with mouse factors (Taussig et al. 1976) . Similarly rabbit factors, it is claimed (Taussig et al. 1977) , will activate mouse B lymphocytes. Should this phenomenon prove easily reproducible, which is currently not the case, then the use of mouse factors on human cells, and vice versa, would offer a good basis on which to probe further B and T cell defects.
Nonspecific helper factor(s) NSF/ TRF. At present it is not clear that one can talk of a single molecular entity in the case of TRF or NSF. However, current molecular weight estimations suggest that all activity is found in the range of 25 000-40 000 daltons (Waldmann 1977) . Undoubtedly these factors act across strain barriers. There have been few reports dealing with the possibility that NSF/TRF can act across species barriers. This too would be another fertile area of research in terms of the potential value of a mouse in vitro assay system for a human T cell function.
Allogeneic effect factor (AEF): For the sake of completion it is worth discussing the AEF described by Armerding & Katz (1974) . This factor is generated by secondary mixed lymphocyte cultures and has been discussed in the literature as if it were identical to NSF and TRF. However, its relative strain preferences, and its binding by anti-Ia sera distinguish it. The relevance of the Ta antigen in the active moiety is not clear as this is almost certainly derived from the stimulator B cell/macrophage population. However, a human analogue has not yet been systematically searched for, and may perhaps offer another useful avenue of attack.
Suppressor factors
In a similar way to the helper factors, suppressor factors can be separated into specific and nonspecific types, and again one can perform cross-species testing. It seems that there are two likely immediate candidates for such an exercise:
(1) The immunoglobulin-binding nonspecific suppressor factor (IBF) described by Fridman et al. (1975) . There is still some confusion on the issue of strain specificity with this factor but it is clear that IBF (representing shed T cell Fc receptor) seems to be a powerful suppressor entity acting directly on B cells. It may be no coincidence that suppressive activity in some human systems has been assigned to T cells bearing receptors for IgG. Whether these cells can also generate immunosuppressive IBF remains to be seen.
(2) Antigen specific T suppressor factors generated by incubation of lymphocytes with high doses of antigen (Kontiainen & Feldmann 1978) . Such factors apparently show no strain specificity and may in time be shown to exhibit no species specificity. If so, the in vitro generation of suppressor cells and factors might be a relatively straightforward manoeuvre.
It seems too early to speculate on how suppressive factors fit into the picture of antibody regulation. The variations in preparations (e.g. sonicates versus supernatants) and the minutiae of the assay systems allow no easy appraisal. It may again turn out that these molecules function best as cell-bound factors which operate through cell-cell contact.
Genetic restrictions in T-B cell interactions
Undoubtedly the assessment of T-B cooperation in the linked recognition system would be on firmer ground if one could define and analyse the genetic basis of the interaction. Kindred & Shreffler (1972) and Katz et al. (1973) established such a basis when they observed that totally histoincompatible T and B cells would not cooperate. There are two reasons why such cells cooperate poorly. First, the MHC differences provoke cells which are active inhibitors of antibody production (Waldmann 1977) . Differences in the serologically defined determinants (K and D ends in the mouse) are particularly potent in this respect. One possible explanation is that cytotoxic T cells are generated and these, in turn, directly inactivate B cells and probably, under appropriate conditions, the helper T cells. Alternatively, such inhibitory cells may be true suppressor T cells. Nevertheless, such cells can be eliminated by pretreatment of the potential helper cell population by irradiation (Waldmann 1977) , mitomycin treatment (Swain et al. 1977 ), negative selection procedures or by induction of tolerance in the T cell donor . The potency of inhibition in such allogeneic T-B mixtures gives a warning to all forms of experiment in the human system where suppressor status is determined by mixing cells from different donors. Incompatibilities at single SD loci would be sufficient, by analogy, to elicit suppression.
The second reason why allogeneic T and B cells fail to cooperate has been partially elucidated under conditions where allogeneic inhibitory events have been eliminated. There is now compelling evidence (Katz & Benacerraf 1976 ) that primed T and B cells normally need to share I-A region gene products in order to interact efficiently. However, in certain artificial situations, this sharing of I-A is not essential. Thus, in the tetraparental bone marrow derived chimeras (TBMC) antigen primed T cells of the H-2d haplotype cooperate normally with H-2k B cells (Waldmann 1977) . Clearly then sharing of I-A is not obligatory.
Recent experiments performed in our laboratory (Waldmann, Pope et al. 1978) suggest that the following factors determine optimal interaction between MHC incompatible T and B cells. First, the T cell population should be tolerant of the B cell MHC determinants. This is, however, in itself, insufficient. Secondly, the host environment (presumably the thymus) in which T cells develop determines the range of B cell MHC haplotypes with which primed T helper cells may cooperate. Thirdly one must argue that, whether or not a T cell population with the potential to cooperate with MHC incompatible B cells expresses this potential, depends upon the nature of the antigen priming environment.
Clearly, a helper T cell must have recognition structures for both 'carrier' and 'self I region: whether such recognition occurs through one or two receptors is still a matter of great controversy.
It seems, therefore, that specific helper T cells are no different from cytotoxic cells (Zinkernagel & Doherty 1975 , 1977 , Zinkernagel et al. 1978 or T cells which mediate delayed type hypersensitivity (Miller et al. 1976 ) in their requirements for MHC compatibilities. However, the failure of specific helper factors to respect the I region barriers is a real conceptual problem which awaits the test of time. Notwithstanding this dilemma, it would seem that the key question left to ask is why T cells 'need' to recognize antigen in the context of self MHC. It is likely that the answer to this question will also provide explanations for Ir genes and how the T cell repertoire is generated, and must await further experimentation.
Summary
Evidence is given for the existence of two subpopulations of helper T cells, both specific for antigen, but with one functioning in the classical linked recognition system and the other in a non-linked system. Arguments are put forward to suggest that the specific helper cell is very selective in its interactions with B cells, whilst the nonspecific helper cell is relatively nonselective in this respect, as is its mediator the diffusible nonspecific factor (NSF). The use of factor assays with mouse cells as possible tests for human immunodeficiency are discussed, and their potential depends purely on their importance as agents of cooperation. The role of the major histocompatibility complex (MHC) in regulating T cell-B cell interactions is discussed and the importance of MHC matching for efficient cooperation is stressed. Models to account for all the present information are proposed, each based on the assumption that specific helper T and B cells cooperate by cell contact.
